Pr—N

Ch

MATLAB

7.2

7.1

det (A)
rank(A)
i nv(A)
pi nv(A)

trace(A)

[ 7.1

Na=pup.com

MATLAB

A

A

A A
A A
A A mx n nx m
A pi nv(A) =i nv(A)
A

3

(1 (13 (13 2
Al_(z 4) AZ—(z 6) A3‘<2 7 6)

det

(a) detl

give:

detl

-2

det2

0

inv rank

det (A1), det2 = det(A2), det3 = det(A3)

??? Error using ==> det

Matrix

must be square.
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(b)
Invil

Invl =
-2.0000
1.0000

Warning: Matrix is singular to working precision.

Inv2 =
Inf Inf
Inf Inf

??? Error using ==> inv
Matrix must be square.

1.5000
-0.5000

inv(Al), Inv2 = inv(A2), Inv3 = inv(A3)

Pinvl = pinv(Al), Pinv2 = pinv(A2), Pinv3 = pinv(A3)

Pinvl =
-2.0000 1.5000
1.0000 -0.5000
Pinv2 =
0.0200 0.0400
0.0600 0.1200
Pinv3 =
0.9048 -0.3333
1.0476 -0.3333
-1.5238 0.6667
Al
(c) A
detinvi = det(inv(Al))
detinvl =
-0.5000

(d)

rankl = rank(Al), rank?2

rankl =
2

rank2 =

det(A 1)

det(A)

rank(A2), rank3 = rank(A3)

L]
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]

rankT3

R
B
[2
-
-
1]

E‘
=
(Y
]

E‘
N
1}

E‘
%
1]

o
o 0]
ot (34
= |
[
1 1

detT2 =

0
??? Error using ==> det
Matrix must be square.

A A
A MATLAB orth
A Ax=0
null
Vl V2 Vn
B n 1
subspace
orth(A) A
nul | (A) A
subspace(x, y) X y
subspace( A, B) A B
] 7.2
orth null subspace

@

det(A1?), detT2 = det(A2’),. detT3

rank(A1’), rankT2 = rank(A2’), rankT3 = rank(A3’)

= .det (A3?)
| |
A mx n r
r A r=n

MATLAB

B:(V1 v, - Vn)

Rangel = orth(Al), Range2 = orth(A2), Range3 = orth(A3)
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L]

Rangel =
0.5760 0.8174
0.8174 -0.5760
Range2 =
0.4472
0.8944

Range3 =
0.3667 -0.9303
0.9303 0.3667

(b)

rankl = rank(orth(Al)),
rank? = rank(orth(A2)), rank3 = rank(orth(A3))

rankl1

rank? =

rank3 =

(©

nullSpacel
nullSpace2

null(Al),
null(A2), nullSpace3 = null(A3)

nullSpacel
Empty matrix: 2-by-0

nullSpace2 =
~0.9487
0.3162

nullSpace3 =
-0.8729
0.4364
-0.2182

Empty Matrix Al

(d)

nullSpaceT1
nullSpaceT2

null(al’),
null(A2’), nullSpaceT3 = null(A3’)
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]

nullSpaceTl =
Empty matrix: 2-by-0

nullSpaceT2
-0.8944
0.4472

nullSpaceT3
Empty matrix: 2-by-0

(e orth

RangeTl = orth(At1’), ...

RangeT2 = orth(A2’), RangeT3 = orth(A3’)

RangeT1 =
0.4046 0.9145
0.9145 -0.4046

RangeT2 =
0.3162
0.9487

RangeT3 =
0.2197 -0.4357
0.7508 -0.4958
0.6229 0.7513

(®

angle = subspace(null(A2),orth(A2’))

angle =
1.5708

/2
7.2 LU

MATLAB \
MATLAB
A nxm b x n
Ax=b
x=A\b
AX=B

X=A\ B

A

[ 7.3
MATLAB

subspace

MATLAB
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2x1+3x =17
4x1+ x =9

()

X=(X, X,)”

2
1

MATLAB
MATLAB

LU

PA=L,U
LU

nx n

L L=PL,

MATLAB
.

[L, U =lu(A)

lu

[L, U, P]=lu(A)

x=A\b

A=

L U=PA

A=[123;456;780]

u 7.4
L =
0.1429
0.5714
1.0000
U =
7.0000
0
0

1.0000
0.5000
0

8.0000
0.8571

1.0000

3.0000
4.5000

[L, U =l u(A)

Cholesky

L]

LU



1 2 3 7 8 0 7 8 0
A= (4 5 6) Al = (4 5 6) A2 = (0 0.4286 6)
7 80 1 2 3 0 0.8571 3

7 8 0 7 8 0
A3 = (O 0.8571 3) A4 = (0 0.8571 3 )
4.5

0 04286 6 \0 0
A 1 (1, 1) 1 3
7 1 Al
2 (2, 2) 2
1
0 01
P1=(0 1 0)
1 00
2 2 3
1 00
P2=(0 0 1)
010
P1 P2 P
0 01
P1*P2=P=(1 0 0)
010
P
010
P—1=(0 0 1)
1 00
[L,U Pl=lu(A)
L=
1.0000 0 0
0.1429 1.0000 0
0.5714 0.5000 1.0000
U=
7.0000 8.0000 0
0 0.8571 3.0000
0 0 4.5000
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MATLAB 5 -
P =
0 0 1
1 0 0
0 1 0
[ |
Ax=b A nxn b n

7.3

LU

MATLAB Help Desk
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] -
3
4) 1
MATLAB rref Ax=b
rref (A — A
rref (A tol) rref(A) tol
rref movi e(A)
t ol =max(si ze(A)) *reps*norn{A inf) 7.6 norm
] 7.5
1 3 3 2 : 1
A=( 2 6 9 5) B=( 1 0)
-1 -3 3 0 -2 21
(@ rref(A) A
rref(A) A
Aref=rref(A) Bref=rref(B)
Aref =
1.0000 3.0000 1.0000
0 0 1.0000 0.3333
0 0 0
Bref =
1 0 0
0 1 0
0 0 1
(b) A A
A 2 B 3 rankA=rank(A) rankB=rank(B)
rankA =
2
rankB =
3
|
rref Ax=b B=(A b)
C=rref(B) B C
. C
. C ,0,-0,1)
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MATLAB 5
. Cc
7.4 Cholesky
A A=A’ xz 0 X' Ax>0
G G' G=A
LU Cholesky LU
Cholesky
\ MATLAB Cholesky
chol A Cholesky
Cholesky
chol (A) A Cholesky
[G err]=chol (A) A Cholesky G A
err
Rl1=chol updat e( R, x) R=chol(A) x A
A+xx' Cholesky R1
Rl=chol updat e(R, x, - ") R=chol(A) x A
A xx' Cholesky R1

[] 7.6
(a) b
G = chol(A)
A=
4 -1
-1 4
0 -1
0 0
G =
2.0000 -0
0 1
0
0
Test=G *G
Test =
4.0000 -1
-1.0000 4
o -1
0

.5000
.9365

.0000
. 0000
.0000

0

0

4
0 0
-0.5164 . 0
1.9322. -0.5175
0 1.9319
0 0
-1.0000 0
4.0000 -1.0000
-1.0000 4.0000

= [-1 -1 -11; A = 4xeye(4) + diag(b,-1) + diag(b,1),...

L]
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]

(b) LU Cholesky
flops(0), lu(A); flops, flops(0), chol(A); flops

ans
34

ans
30

7.5 QR

LU Cholesky QR

Q R A Ax=b

QR

MATLAB qr QR mx n
A mxn

G o

[Q Rl =ar(A) mx m Q R Q

[Q R Pl=ar(A) Q R P Q

[Q Rl =ar (A, 0) A QR mx n A
[QL, R1] = A QR
grdelete(Q R, j) Q R A OR

[QL, R1] = A b QR
grinsert(Q R b,j) Q R A QR j=n+1

(@ Ax=b A b
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1 2 2 7
A=(3 2 2) b=(9)
1 1 2 5

[Q,R] = qr(4), x = R\Q’*b
Q =
-0.3015 0.9239 -0.2357
-0.9045 -0.3553 -0.2357
-0.3015 0.1421 0.9428
R =
-3.3166 -2.7136 -3.0151
0 1.2792 1.4213
0 0 0.9428
x =
1
2
1
A\ b
(b) QR

A = rand(10,10); b = rand(10,1); flops(0); ...
x = A\b; lureq = flops

lureq =
1506

flops(0), [Q,R] = qr(A); x = R\Q’*b; qrreq = flops

qrreq =
5285
QR
77 )
QR Givens
2 Givens Givens
Givens Jacobi
pl aner ot ( x) X 1
MATLAB grinsert
[ G y] =pl aner ot ( x) G Givens
rjir(A A Jacobi

y:

pl aner ot
2x 2
grdel et e
Gx

L]

Givens
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. 7
[ 7.8
Givens 2% 2 A Xy
1 1 1
a=(a2) =(a) =()
G=pl aner ot ( x) G X(A 1) x Anew=G-A A
G =
0.7071 -0.7071
0.7071 0.7071
Anew =
1.4142 -0.7071
0 2.1213
A Anew
xnorm = norm(x), ynorm = norm(y),
xnewnorm = norm(Anew(:,1)), ynewnorm = norm(Anew(:,2))
xnorm =
1.4142
ynorm =
2.2361
xnewnorm =
1.4142
ynewnorm =
2.2361
) 7.6 norm 7-1 A
o , .
0
O
1.58 —
o
o == Unrotated
= = Fotated O
18 n - 4
O a]
D N
0.58 —
o
a
0B i (e —————— 4
[n]
a
—o5h - i
o
o
E1E1f5n 20 s onm  osd i@ 150 2o
go o o o o a o o
n} u] a [n} o a o o
7-1 X-y Givens
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Givens
pl aner ot

7.6

MATLAB

nor m( Xx)
nor m( x, i nf)
nor m x, 1)
nor m X, p)
nor m( x,

norm

i nf)

7.9

x=[3 4 5]

norml
norminf

norm(x,1), norm?2
norm(x,inf), nonorm

norml
12

norm2 =
7.0711

norminf =
5

nonorm

IAX]p
Ixll»

lAllp = sup
x#0

X, = /& [x,
[IXlI=max(abs(x))
I, = & Jx.d

Ixl, = J& Jx.

norm(x,2), ...
norm(x,-inf)

76

nor mest

L]

12.2

norm( x, 2)=nor mx)

m n(abs(x))
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]

nor m  A)
nor m( A, 1)
nor m A, 2)
nor m A, i nf)
norm( A, 'fro’)

nor mest (A)
nor mest (A, tol)

[ 7.10
@
A=1[11;2 3];

= norm(A,1),
norm(A,inf),

normi
norminf

norml =
4

norm2 =
3.8643

norminf =
5

normf =
3.8730

(b)
A = rand(100);

lIAIL, A
AL, A 1-
lIAll, ~ norn(A)
lIA ¥ A 1-

Al :‘/é. ié- j|aij|2

Frobenius

= norm(A,2),
norm(A,’fro’)

norm?2
normf

flops(0), norm2 = norm(A), expensive = flops

norm2 =
49.8483

expensive =
2948409

flops(0), normapprox =

normapprox =

normest(A), cheaper = flops

10°
tol

8.3
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50.6701

cheaper =
133211

Ax=b 1

cond(A) = JAIA7Y

cond( A A 83

= 7.11

Hilbert ( 44 )
bad=cond(hi | b(5))

bad =
4.7661e+05

7.7

mx n Ax=b m>n
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]

m n 2
e= Z(”i - X;ainJ) = lIb — Ax|i3

i=1 j=

\ nnl's |scov
9 spaugnent
A\ b 3.3 b=B
B
spaugment (A, c) T=[cxl A; A"0] T\z
Ax=b z b c MATLAB
sppar s hel p spparns
nnl s(A, b) hel p nnl s
| scov(A b, V) V (b AX) (V b
AX) hel p | scov
MATLAB QR

11 1 3 2
A1=(1 2) A2=(1 3) b=< 0)
1 3 1 3 -1
fullrank = Al\b, notfullrank = A2\b

fullrank =

3.3333

-1.5000
Warning: Rank deficient, rank = 1 tol = 3.4613e-15.
notfullrank =

0
0.1111

n m Ax=b MATLAB

7.13

x = A\b
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1.5000
0
0.5000
MATLAB rref 73
UnderSol = rref([A"b])

i}

UnderSol
1 0 -1 1
0 1 2 1

1+¢
X = (].—-2!) t
t

t=0.5 MATLAB
(b)

SO

left
left

a\b

0.2857

217 ax=b

Right = b/a

Right

0

(e}

0.6667
0 -0.6667
0 0.6667

(d \b' ) ar Xr :br

S O

elementWiseLeft a.\b

elementWiseLeft
2.0000
-1.0000
0.6667

elementWiseRight = b./a

elementWiseRight
2.0000
-1.0000
0.6667
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